The paper presents the construction and the use of a video sensor developed to measure air pressure. A characteristic feature of the device is pressure measurement based on digital image processing and self-diagnostics performed on the basis of an image. The paper presents the results of sensor calibration and measurements taken during the tests. It has been shown that the developed video-manometer model that is equipped with a at diaphragm allows measuring the air pressure in the range of 0100 mbar with an error less than 2%.
Introduction
Pressure sensors play an important role in the control of technological processes. They ensure safe operation of devices and also enable operation of autonomous control systems and the surveillance of technical systems. They are found in almost every branch of the industry. They can be found in the food, chemical, fuel, civil and military aviation industry, in medicine [15] and in others.
They are also used in research and development works [6] as well as in diagnostics. Due to the large area of applications and the range of measured pressures, a signicant number of pressure sensors and transducer structures have been developed. The direct measurement of the pressure is performed using: diaphragm, Bourdon tube, strain gauge diaphragm, capacitance diaphragm, Hg manometer, liquid manometer, radioactive gauge, McLeod compression manometer, U-tube manometer.
The pressure is measured indirectly, when the properties of gases are known, using: momentum transfer viscosity (quartz ber, rotating), energy transfer thermal conductivity (thermocouple, Pirani, thermistor, convection gauge), charge generation with hot cathode (triode ion, BayardAlpert ion, SchulzPhelps ion, extractor ion) and cold cathode (magnetron, inverted magnetron, double inverted magnetron) as well as mass spectrometer [7] .
These techniques cover the pressure measuring range from 1.33 × 10 −15 bar to 10 bar [7] .
Today, a large emphasis is placed on the construction of intelligent pressure sensors. Such sensors, in addition to the sensing element, include electronics systems required for the linearisation of the sensor characteristics, to eliminate the eects of temperature, autocalibration and measurement range and reference points (zero and alarm thresholds) settings. The observed sensors to measure the pressure of gases with the optical path measurement t the trend. The following solutions have been * e-mail: k.murawski@ita.wat.edu.pl Fig. 1 . Sensors for measuring pressure with the optical path [5] . noted in the literature. The rst uses two photodiodes and one IR LED diode [8] . In the considered arrangement, Fig. 1a , the LED diode along with one of the photodiodes forms a slotted optocoupler. The second photodiode produces a reference signal used to stabilize the sensor operation. An addition to the optical path is the corrugated diaphragm and the shutter (blade). With the increase in the measured pressure, the diaphragm slightly deforms below 0.5 mm [7] , while lifting the blade.
The blade blocks the path of light, whose intensity is measured. Sensors of this type are available for ranges from 0.35 bar to 4.13 bar, assuring a measurement accuracy of about 0.1 %. The second solution, Fig. 1b , consists of using an optical ber with a diaphragm measuring head at the end [9] . The gas pressure is measured using the correlation between the gas pressure applied and the intensity of light reecting from the surface of the diaphragm [9] . The width of the optical cavity located between the diaphragm and the optical ber is also often measured [10] . This distance is determined using a FabryPerot interferometer, the operation is discussed in [11] . The pressure measurement result is presented as a value of DC voltage in a range from 0 V to 5 V or 0 V to 10 V [10] . The measurement result can also be expressed in the form of a current intensity from 4 mA to 20 mA [12, 13] . Pressure measurement using ber optic Bragg grating sensors is also a known solution. The solution presented in [14] allowed realising the measurement of pressure in the range from 0 bar to 1.8 bar with a measurement error percentage of 3.13%. the methods belonging to the depth from defocus stand out those that require at least of two images taken with dierent but known focus settings [15] , method supported by the model of image blurring [16] and techniques similar to used in this paper, in which the distance to an object or a depth map is determined on the basis of a single image [17] . A characteristic feature of the used technique is that the calculated distance is determined directly from the blur size of the marker view. Thereby the distance is determined in real time. It is a completely dierent approach than presented in [17] , where the cal- The developed video-manometer can be used in medicine, for example, or in control systems and gas transportation systems.
Construction of the video-manometer
The active element in the made video-manometer was a white silicone at diaphragm with a thickness of 0.5 mm, The correlation between the measured width of the marker and the measured air pressure was used for pressure measurement. The applied pressure changes the distance of the marker to the front of the camera lens.
As a result, the focus in the images becomes blurred.
The image underwent segmentation by using digital image processing techniques [2022] . As a result of image processing the view of the marker was isolated, which width constitutes the basis for determining the value of the applied pressure. The W marker width varies according to the principle: pressure increases → blurry image, W increases, Fig. 2b ; pressure without changes → sharp image, W does not change, Fig. 2a ; pressure decreases (underpressure) → image blurred, W decreases.
The measurement of the width of the marker was performed using the technique presented in [23] . The operation of the developed sensor was examined by measuring the air pressure in the range of 0 mbar to 100 mbar.
The model used a at diaphragm. The choice of the shape of the diaphragm was dictated by the unavailability of the corrugated, bellows or capsules diaphragm.
As a result, considerable deformations of the diaphragm shape were observed, Fig. 2b 
Measurement system conguration, video-manometer calibration procedure
The developed video-manometer was tested at the measuring station shown in Fig. 4 . The estimated dispersion of pressure measuring results made using the described method is illustrated in Fig. 6 .
The dispersion of the determined pressure values are due to random errors that occur during the measurement of the width of the marker. The average measurement error equaled 0.396 mbar. The maximum pressure measurement error during calibration was equal to 1.6 mbar.
Research results
Video-manometer was tested in the arrangement as presented in Fig. 4 . The air pressure values were applied in steps of 2 mbar in the range of 0 mbar to 100 mbar.
A total of ten series of measurements were made, 50 pressure settings each. Measurement relative error δ and absolute error |∆P | were determined for each series. After limiting the range to 90 mbar the absolute maximum measurement error equaled 1.6 mbar. In terms of percentage, the average measurement error within the entire measurement range equaled 1.718%.
Conclusions
The paper presents the design and research results of the developed and practically made video-manometer.
The constructed video-manometer using a at silicone diaphragm in the full measuring range i.e. from 0 mbar to 100 mbar is a class 2. After limiting the scope to the value of 90 mbar the device has become class 1.6.
The proposed pressure sensor has the following prop- 
